1. Introduction {#sec1}
===============

Butter with 80--83% lipid contents is an important edible fat in most countries of the world ([@bib35]). This dairy product is one of the main complexes of every dietary fats, containing further 400 different fatty acids ([@bib40]). In Iran, the traditional butter (TB) locally is obtained after milk fermentation by churning and in this way the fat content concentrates about 20 times. Since butter is kept for a lengthy time, sensory attributes can transform owing to oxidative rancidity as a result of oxygen catalyzed by lipases from microorganisms or food. At the first step of oxidation, the reaction involving unsaturated fatty acids leads to the configuration of peroxides with a resultant reduction in the safety caused by the formation of secondary toxic compounds. Oxidation eventually leads to formation of a rancid flavor and decreases the economic and nutritional value of fats ([@bib39]).

Lipid oxidation may be expeditiously retarded when antioxidants are present. Synthetic antioxidants for instance butylated hydroxyanisole (BHA) as well as butylated hydroxytoluene (BHT) at concentrations ranging from 50-500 ppm in butter are appropriate in the protection of fats, thus, are applied as suppressors of oxidative reaction ([@bib37]). However, their usage have been asked because of their toxicity, hence today the quest for developing natural antioxidants has increased. Using natural antioxidants is considered as anti-food borne bacteria and a great opportunity for the oxidative stabilization of milk products ([@bib39]).

Among the different sources of natural antioxidants, walnuts (*Juglans regia L.* family *Juglandaceae*) are rich in compounds with potent antioxidant and antibacterial activity such as tocopherols and polyphenols (gallic acid and ellagic acid), tannins and melatonin ([@bib53]). Production of walnuts is almost 1,500,000 Tons and the United States, China, Iran, Turkey and Ukraine are the main producers of walnut. Different parts of it such as kernel, leaves and septum have a significant antioxidant effects. It has been recognized that about 50 g of walnuts contains further entirety of phenolics than about 240 ml of apple juice or even a milk chocolate (43 g) ([@bib34]). Polyphenols have been recognized to be capable of disturbing the activities of enzymes concerned in the generation of reactive oxygen species, chelating transition metals ([@bib43]). Besides antioxidant activity, numerous researches confirmed the antimicrobial activity of phenolic extracts such as walnut extract ([@bib51]), making them a good option to synthetic preservatives. [@bib1] reported that African walnut has antibacterial and antifungal activities linked to phenolic compounds against *Staphyloccocus aureus* (*S. aureus*), coliforms and molds. [@bib2] showed that the chloroform, methanol, hexane and ethyl acetate fractions of the kernel extract of walnut displayed good antimicrobial activities which were concentration-dependent. Generally, little information in the literature is connected to the augmented shelf life of butter using natural or synthetic antioxidants. [@bib31] have confirmed the antimicrobial and antioxidant activity of walnut products, but information about the kernel septum membranes is almost inexistent.

Despite this interest, no study has been done so far to investigate the WHE as a natural antioxidant for the stabilization of traditional butter. For the reason, this research aimed to examine the effect of treating WHE compared with other antioxidants, namely Butylated hydroxytoluene (BHT), tocopherol on oxidation, chemical, microbial against (*S. aureus, coliforms*, psychrotrophic bacteria and yeast/mold) and sensory properties of TB during refrigerated storage.

2. Materials and methods {#sec2}
========================

2.1. Preparation of walnut kernel septum membranes extract {#sec2.1}
----------------------------------------------------------

Walnut kernel septum membranes fruits (*Juglans regia L.*) were purchased from local market. An amount of 700 ml Ethyl alcohol (Merck Millipore) and 300 ml of distilled water was mixed with 250 g of walnut kernel septum membranes powder. The mixture was shaken for 24 hr and incubated for one hr at 40 °C and 160 rpm. After cooling the extract was filtered also the ethanol was detached by using a rotary evaporator (Heidolph, Germany). The extract was transferred into the plate and the solvents were removed by using an oven at 45 °C, and then was stored in a glass tube with aluminum foil and kept at 4 °C for antimicrobial and antioxidant activities assays.

2.2. Treatments {#sec2.2}
---------------

Ripened, unsalted butter was purchased from farmers (it was manufactured according to the traditional method) for use in preliminary experiments. To make traditional butter (TB), firstly, cow milk separated to two high in fat and almost no fat phase with hand-operated centrifuges called the "milk wheel", then yogurt starter added to high fat phase. After preparation of yogurt, it was transferred to goatskin and churning process for fat separation from buttermilk was done. The TB samples were primarily melted at 70 °C then tempered incessantly and moved into 25 °C water bath. WHE was incorporated into TB at three different concentrations; 500 (0.05%), 1000 (0.1%), and 5000 (0.5%) ppm and compared with a control (without WHE, BHT and tocopherol), BHT and tocopherol treated samples (200 mg of BHT and tocopherol/kg). Each treatment was replicated three times, kept at refrigerator temperature and studied at 0, 45 and 90 days.

2.3. Antioxidant characterization of extract {#sec2.3}
--------------------------------------------

### 2.3.1. DPPH, reducing power and total phenolic assays {#sec2.3.1}

The methodology as modified by [@bib30] in order to investigate the capability of extracts inhibited the decomposition activity of the DPPH radical.

The reducing power and total phenol of WHE were determined based on the method of [@bib38] and [@bib49], respectively.

2.4. Physicochemical analysis {#sec2.4}
-----------------------------

### 2.4.1. Moisture {#sec2.4.1}

Five grams of TB was weighed into a dish which is contained 10 g of pumice. The plate was dried at 102 ± 2 °C for 2 h. This drying process was repeated until constant weight was obtained. The moisture content was measured by the weight loss corrected for a blank.

### 2.4.2. Solids-non-fat (SNF) {#sec2.4.2}

Five grams of butter was measured as well as the plate was placed in an oven at 102 ± 2 °C for almost 15 h to eliminate the water. Petroleum ether was added later and then cooled in order to dissolve the fat and SNF. The SNF content was measured from the increase in the mixed weight of the plate, rod and crucible ([@bib19]).

### 2.4.3. Fat and sodium chloride content {#sec2.4.3}

The crude fat content was analyzed according to the fat in butter direct method (938.06B) and sodium chloride content were determined by the Mohr methods ([@bib5]., [@bib41]).

### 2.4.4. Free fatty acid and acid value {#sec2.4.4}

Fatty acid analysis was measured based on the method of [@bib9].

In order to obtain the acid value, 5 g of melted TB was dissolved in 50 ml of alcohol and then titrated with KOH (0.1 N) ([@bib21]).

### 2.4.5. Peroxide value (PV) {#sec2.4.5}

The primary products from oxidation were determined by the International Dairy Federation (IDF) and standard method 74a was applied ([@bib25]). Approximately 0.01--0.3 g of butter was combined with 9.8 mL chloroform 70%-methanol 30%. Afterward ammonium thiocyanate solution was added. Following this, 50 μL iron solution was added and stored for 5 minutes at ambient temperature. Finally the solution absorbance was read at 500 nm.

### 2.4.6. Anisidine test (AV) {#sec2.4.6}

The oil samples were allowed to react with *p*-anisidine to produce a colored compound, and the absorbance values were read at 350 nm using a spectrometer (LKB Novaspec II; Pharmacia, Sweden) AV was measured based on the method of [@bib55]. Isooctane is the fat solvent in this test. The investigative reagent is 1 ml 0.25% anisidine in glacial acetic acid.

### 2.4.7. Schaal test {#sec2.4.7}

The oxidation of 50 g butter in 125 ml enclosed glass cups was controlled via evaluating the formation of hydroperoxides at 63 °C. The level of hydroperoxide was evaluated as PV with regard to the procedure of the American Oil Chemists\' Society ([@bib6]).Where PV1 is peroxide value at the start of the experiment and PV2 is peroxide value at the last part of the test.

### 2.4.8. Totox value {#sec2.4.8}

The Totox (total oxidation) value was calculated as Totox V = (2 × PV) + AV ([@bib41]). Where AV is anisidine value and PV is peroxide value.

2.5. Microbiological analysis {#sec2.5}
-----------------------------

Ten grams of TB was mixed in 90 mL of 0.85% (w/v) sterilized NaCl solution and kept in a water bath at 45 °C until the butter melted. Thereafter, serial dilutions were provided. Coliforms were determined using violet red bile glucose agar (VRBGA). The plates were kept at 37 °C for 24 h. *Staphylococcus aureus* were counted on Baird Parker agar (BPA, Merck) including potassium tellurite and egg yolk (Merck), and lastly incubation at 37 °C for 48 h. Yeasts and molds were counted on Sabouraud Dextrose Agar (SDA, Merck, Germany) with Chloramphenicol and kept at 25 °C for 3--5 days. Psychrotrophic bacteria were counted by Plate Count Agar (PCA, Merck, Germany), following the incubation for ten days at 6.5 °C.

2.6. Sensory evaluation {#sec2.6}
-----------------------

Sensory investigation of oils was performed using quantitative descriptive analysis. For this purpose a group of ten semi-trained panelists as of the academic personnel of Department of Food Hygiene and Quality Control of the Urmia University, Iran (4 women and 6 men, ages 23--55 yr) were recruited. Butter samples in terms of texture, color, flavor and odor and overall acceptability were determined using five point hedonic level. Sensory panel members were needed so as to score the samples from 1 to 5. (1 = Very bad; 2 = bad; 3 = good; 4 = very good; 5 = excellent) ([@bib16]; [@bib27]).

2.7. Statistical analysis {#sec2.7}
-------------------------

All data were analyzed by means of the SPSS statistical package (version 21.0; IBM Corp, Armonk, USA). The experimental design used in this study was a completely randomized design. All tests were done in triplicate and the means were evaluated using Tukey\'s test (*P* \< 0.05). Microbiological counts were reported with log CFU/g.

3. Results and discussion {#sec3}
=========================

3.1. Antioxidant characterization of extract {#sec3.1}
--------------------------------------------

### 3.1.1. DPPH {#sec3.1.1}

There are many methods to evaluate the antioxidant properties that are so useful but many researches had emphasized the necessity to apply more than one kind of antioxidant activity analysis to evaluate the antioxidant action ([@bib29]; [@bib37]). The WHE, at 37.5 μg/mL, indicated a scavenging effect of 56.40% so as to augment to 91.73% at 600 μg/mL ([Fig. 1](#fig1){ref-type="fig"}). The BHT had higher antioxidant activity than WHE inhibiting 92.3% of the DPPH radical at 600 μg/mL. On the contrary, by decreasing the sample concentrations, the WHE showed more antioxidant ability than BHT. The scavenging capabilities of WHE exhibited concentration dependant effects, the higher the concentration of WHE with the stronger antioxidant activity. Espı\'n et al. demonstrated that the radical scavenging capacity of the lipid fraction of walnut oil was dependent on the amount of tocopherols [@bib18]. As reported by [@bib8], methanolic walnut extract with 38.8--85.2% inhibition had been authenticated as the strongest free radical scavengers among other nuts. [@bib44] showed that the higher level of phenolic substances is correlated to the content of free radical scavenging activity. The tocopherols accompanied by 76--98% to the total antioxidant activity of every nut oils and *α*-tocopherol alone contributed 65--96% in the DPPH assay ([@bib23]).Fig. 12,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity of walnut kernel septum membranes hydroalcoholic extract (WHE) and butylated hydroxytoluene (BHT). Values are given as mean ± SD. Different letters indicate a statistically significant difference (*p* \< 0.05).Fig. 1

### 3.1.2. Reducing power {#sec3.1.2}

This assay is often used to evaluate the ability of an antioxidant to donate electrons. This method is founded on the decrease of the ferricyanide complex to the ferrous ion. In the present study, at all concentrations especially at 0.25 mg/ml, WHE has more reducing capacity than BHT. As it showed at 0.25 and 2 mg/ml concentrations the lowest (1.5 and 1.76 mg/ml in BHT and WHE, respectively) and highest (2.08 and 2.16 mg/ml in BHT and WHE, respectively) reducing power respectively ([Fig. 2](#fig2){ref-type="fig"}). In [@bib42] study walnut leaves indicated high reducing powers at very low concentrations (\<1 mg/ml), being even more powerful than BHA (3.6 mg/ml). Furthermore, [@bib32] showed that walnut extracts have a high potent of reducing power. The results of DPPH and reducing power test was demonstrated high antioxidant capability of WHE in compare to BHT.Fig. 2Reducing power of walnut kernel septum membranes hydroalcoholic extract (WHE) and BHT. Values are given as mean ± SD. Different letters indicate a statistically significant difference (*p* \< 0.05).Fig. 2

### 3.1.3. Total phenol {#sec3.1.3}

The total phenolic content of WHE was 368.86 mg GAE/g. However, other researchers registered a large extent of lower levels in walnuts: between 58.9 and 95.1 mg GAE/g ([@bib50]). The result of phenolic content revealed that there is a significant correlation between phenolic compounds and antioxidant properties. [@bib34] indicated that the amount of total phenol in walnuts is detectably more than in other nuts. Although, [@bib52] investigated low concentrations of the total phenols (0.32 mg/g oil) in walnut extract. The quantity of total phenol can vary due to plant age, harvesting season, geographical sources, climate, and extraction method ([@bib34]).

3.2. Physicochemical results {#sec3.2}
----------------------------

### 3.2.1. The chemical composition of butter {#sec3.2.1}

Fat, salt, SNF, and moisture of the butter used in this study were 79.7 ± 0.8%, 0.3 ± 0.04%, 5.2 ± 0.6% and 15.1 ± 0.2% respectively. In this study, butter was prepared using traditional method. In this method, because of the extraction of butter from yogurt, some buttermilk containing protein, phosphorus and calcium also enters the final product, so the amount of SNF is higher than commercial butter. Other results were consistent with the standards.

### 3.2.2. Peroxide value {#sec3.2.2}

Evaluation of PV has been extensively practical to butter with mixed results about the sensory realization of off-flavors. This value is considered to be the one of the most efficient methods for determining the initial stages of oxidative rancidity. Changes in PV of samples for 90 days are presented in [Fig. 3](#fig3){ref-type="fig"}. In this study, which is in agreement with [@bib45] research, the mean of walnut PV at day 0 was 0.2 meq O2/kg oil. The Control group had detected more PV compared with the treated samples during storage time (*p* \< 0.05). With increasing storage time, the PV tends to increase more rapidly in WHE 0.05% treated sample, in comparison with WHE 0.5%, WHE 0.1, BHT and tocopherol samples. The PV of all groups was higher at the last day of storage time compared to the 0 and 45 days of storage. The current outcomes are in accordance with [@bib48], who showed that the least PV of butter was at the beginning stages of storage time. [@bib28] concluded an increase in the PV of butter treatments kept which were at 4 °C after 120 and 240 days. At the end of storage period, control sample revealed the highest PV of 1.42 as compared to 0.29 (meq/kg), in tocopherol treated sample which are lower than the threshold (5 meq O2/kg) which shows the commencement of the lipid peroxidation ([@bib20]). The antioxidant activities of WHE increased with increasing amount of extract. The sample treated with tocopherol was found to be the least advancement of peroxides than other samples of the peroxides. The variation in peroxides development in tocopherol and BHT samples could be caused by the existence of various antioxidant compounds ([@bib13]).Fig. 3The changes in PV (meq O~2~ per kg fat) of butter in different treatment groups during storage at at different time points. Values are given as mean ± SD.Fig. 3

### 3.2.3. Anisidine value, Totox value, Schaal oven test {#sec3.2.3}

AV test is the most broadly used method for the purpose of secondary and tertiary steps of autoxidation of fats, and oils. Acording to the results ([Fig. 4](#fig4){ref-type="fig"}) the control had the highest AV, thus showed a higher level of oxidation that might be due to the presence of prooxidants, which speeded the autoxidation process. BHT and WHE 0.05% treated samples were found to be the most effective in reducing the oxidation of butter in this test. Addition of BHT and WHE 0.05% was more competent in the retardation of oxidation products and significantly lower AV values of the experimental samples could be attributed to the phenolic antioxidants naturally present in WHE. In this study, AV of sample treated with tocopherol was increased gradually until 45 days (1.94 ± 0.18 on 45 days) of storage then decreased to (1.08 ± 0.07 on 90 days). The decrease in AV after 45 days may be due to the dimerization of two aldehydes to form stable malonaldehydes ([@bib22]).Fig. 4The changes in anisidine value of butter in different treatment groups during storage at different time points. Values are given as mean ± SD.Fig. 4

TotoxV is thought to combine evidence about the past history of the oil (AV) with the present state of the oil (PV). TotoxV and the Schaal oven changes in samples are shown in [Table 1](#tbl1){ref-type="table"}. TotoxV of control sample generally was the highest value between treatments. By increasing the amount of the WHE, TotoxV values were decreased which can be correlated to the presence of phenolic agents, which offered resistance against the PV in the accelerated oxidation reaction. Tocopherol treated sample with 1.66 ± 0.29 and control sample with 7.51 ± 1.2 had the lowest and highest TotoxV, respectively. [@bib26] concluded that tocopherols the same as antioxidants can stabilize oil. No significant differences were found in the WHE 0.1% and WHE 0.05% incorporated samples.Table 1Effect of different treatments on lipid oxidation in schaal and Totox tests. Values are given as mean ± SD. Different letters in each column indicate a statistically significant difference (*P* \< 0.05).Table 1Treatment/testTotoxSchaal (%)Control7.51 ± 1.2^a^12.1 ± 1.82^a^WHE 0.5%3.74 ± 0.22^b^2.75 ± 0.37^d^WHE 0.1%4.12 ± 0.31^c^11 ± 1.91^a^WHE 0.05%3.8 ± 0.14^b^8.1 ± 0.77^b^BHT1.96 ± 0.30^d^3.76 ± 0.42^c^Tocopherol1.66 ± 0.29^d^11.3 ± 1.05^a^

Ordinarily, Schaal oven method is applied for evaluation of oxidation of oils but it is also applied in dairy industry. The control sample showed the highest Schaal test value followed by tocopherol sample. There are no significant differences among the control, WHE 0.1% and tocopherol butter samples in Schaal test. The addition of WHE to TB decreased the oxidation of treated samples in comparison with the control group. In the present study WHE 0.5% and BHT showed more antioxidant ability than other samples. By increasing the level of phenolic substances, the number of hydroxyl groups present in the reaction increased. Therefore, the possibility of hydrogen conveyed to free radicals will increase ([@bib12]). Walnut phenolics supposedly demonstrate strong antioxidant and free radical-scavenging capacities ([@bib14]).

### 3.2.4. Titratable acidity {#sec3.2.4}

In the present study the titratable acidity value of all butter samples increased during the storage period (see [Fig. 5](#fig5){ref-type="fig"}). This increase has a detected effect on the quality of the product during storage time, mainly regarding sensorial characteristics such as color, texture and odor, which are negatively affected ([@bib37]). Among all samples the WHE 0.1% had the lowest titratable acidity value, 1.4 at 90 day, followed by BHT.Fig. 5The changes in acid value butter in different treatment groups during storage at different time points. Values are given as mean ± SD.Fig. 5

### 3.2.5. Free fatty acids {#sec3.2.5}

The formation of free fatty acids are due to hydrolysis as well as by cleavage and oxidation of lipids double bonds. The increase in free fatty acid contents of all the treatments and control during the storage of 90 days contributed to this phenomenon ([@bib36]). On the other hand, least increase in FFA was in sample treated with WHE 0.1% and BHT throughout storage period which could be due to the presence of more antioxidant compounds like phenolic compounds in WHE which is in agreement with the results reported by [@bib47]. A free fatty acid value of fresh butter which is between 0.14 to 39% is generally assumed to be passable for butter fat; a higher content of free fatty acid is related to poor storage condition ([@bib36]; [@bib17]). In the present study all treated samples were in this level on 0 day (0.25, 0.32, 0.29, 0.3, 0.26 and 0.26 in the control, WHE 0.5%, WHE 0.1%, WHE 0.5%, BHT and tocopherol, respectively). Statistical analysis showed no significant differences in free fatty acid between the WHE 0.5%, WHE 0.1% treated samples and BHT on 90 days (see [Fig. 6](#fig6){ref-type="fig"}).Fig. 6The changes in free fatty acid of butter in different treatment groups during storage at different time points. Values are given as mean ± SD.Fig. 6

3.3. Microbiological analysis {#sec3.3}
-----------------------------

Presence of substances such as serum and water affect storage time of butter because they are a suitable medium for spoilage microorganisms. The growth of proteolytic organisms such as lactobacillus, yeasts and Pseudomonas spp in butter is a major cause of its deterioration ([@bib7]). Microbiological results are presented in [Table 2](#tbl2){ref-type="table"}. Results indicate that the extension of storage time increased all bacteria count in samples. In the present study, WHE 0.5% treatment was the most effective in control Coliforms and Psychrotrophic bacteria. Increase in total psychrotrophic bacteria is more pronounced when the dairy products are produced in poor hygiene situations. The primary PTC (day 0) of samples which was between 1.08 log CFU/g, in BHT samples, to 2.24 log CFU/g in the controls was studied. After 90 days of storage, PTC reached 9.06, 7.11, 7.39 and 7.88 log/CFU, in control, WHE 0.5%, BHT and tocopherol treated samples respectively. It is evident that WHE treatment can inhibit the PTC in TB. The present outcomes could be credited to the inhibitory effect of the WHE controlling Gram-negative bacteria population. The mechanism of action of WHE is normally considered to be the derangement of the cytoplasmic membrane, active transport, electron flow and coagulation of cell ingredients. The bacteria behavior was alike (except *S. aureus*), but different percentages of bacteria growth inhibition were observed, this can be attributed mostly to the concentration of WHE and chemical composition of treatments containing compounds such as polyphenol and flavones which cause rupture of membrane ([@bib4]). Initial *S. aureus* count was 1.19 log CFU/g, increasing during storage to reach final count of 8.33, 8.69, 8.77 and 8.81 log CFU/g, in the control, WHE 0.5%, WHE 0.1% and WHE 0.05% samples, respectively, which indicates that the extract does not have effect on gram-positive bacteria. Contrary to the present study, [@bib42] showed that Gram positive bacteria such as *S. aureus* which were most sensitive were inhibited by walnut extracts. [@bib3] reported that the walnut inhibited the growth of several species of microorganisms, showing both *E. coli* and pathogenic yeast.Table 2The changes in Psychrotrophic bacteria, *Staphylococcus aureus*, Coliforms and yeasts--molds counts of butter during storage at different time points. Values are given as mean ± SD. Means within the same row and the same column with different letters are significantly different (*P* \< 0.05).Table 2TreatmentDaysPsychrotrophic bacteriaYeasts--moldsColiforms*Staphylococcus aureus*Control12.24 ± 0.82^aA^1.3 ± 0.74^aA^0^aA^1.19 ± 0.16^aA^458.54 ± 0.14^bA^8.67 ± 0.77^bA^3.7 ± 0.43^bA^6.83 ± 0.61^bA^909.06 ± 0.74^cA^8.77 ± 0.6^bA^4.01 ± 0.24^bA^8.33 ± 0.97^cA^WHE 0.5%11.19 ± 0.19^aB^1.01 ± 0.34^aB^0^aA^\<10^aA^455.07 ± 0.25^bB^5.01 ± 0.85^bB^0^aB^4.14 ± 0.51^bB^907.11 ± 0.64^cB^7.39 ± 0.36^cB^2.17 ± 0.14^bB^8.69 ± 0.34^cA^WHE 0.1%11.49 ± 0.98^aB^1.26 ± 0.23^aA^0^aA^1.11 ± 0.24^aA^456.03 ± 0.74^bC^5.11 ± 0.43^bB^2.35 ± 0.09^bC^4.6 ± 0.32^bB^909.14 ± 0.33^cA^8.51 ± 0.27^cA^2.17 ± 0.34^bC^8.77 ± 0.17^cA^WHE 0.05%12.09 ± 1.12^aA^1.5 ± 0.32^aA^0^aA^1.62 ± 0.23^aA^458.36 ± 0.44^bA^7.21 ± 0.71^bA^4. 1 ± 0.68^bD^4.65 ± 0.46^bB^909.81 ± 0.61^cA^9.02 ± 0.18^cC^2.14 ± 0.71^cC^8.81 ± 0.57^cA^BHT11.08 ± 0.24^aB^\<10^aB^0^aA^\<10^aA^455.94 ± 0.33^bC^4.69 ± 0.29^bB^4.15 ± 0.39^bD^4.01 ± 0.71^bB^907.39 ± 0.91^cB^7.22 ± 0.72^cB^3.49 ± 0.16^cB^3.81 ± 0.62^bB^Tocopherol12.16 ± 0.17^aA^1.74 ± 0.11^aA^0^aA^1.77 ± 0.19^aC^456.04 ± 0.19^bC^4.11 ± 1.24^bB^3.69 ± 0.14^bD^3.9 ± 0.29^bB^907.88 ± 0.15^cB^7.17 ± 0.57^cB^3.11 ± 0.18^cB^6.71 ± 0.23^cC^

According to yeasts/molds species recognized to be concerned in the spoilage of TB, all of the antimicrobial treatments evaluated in this study lead to significantly lower counts for yeasts/molds in WHE 0.5%, WHE 0.1%, WHE 0.05%, BHT and tocopherol TB as compared to the control groups during storage time. In [@bib54] study, it was reported that yeasts/molds are associated with traditional dairy products such as butter ([@bib54]). In agreement with this study, [@bib17] showed that the mold-yeast counts of TB detectably differed depending on the storage time. In the current study the yeasts/molds count increased eventually in all samples during storage. There were statistically (*P* \> 0.05) different outcomes among TB treatments throughout the storage. Few studies have been conducted on the antimicrobial effects of plant extracts in butter. [@bib7] study, showed that oregano extracts had highest inhibition effect on yeasts and moulds, proteolytic, lipolytic microorganisms and coliform in butter, and sage was effective on lactobacilli and total bacteria.

[@bib24] concluded that walnut leaves and hazelnuts extracts had good antimicrobial activities. The phenolic combinations reduced the microbial population in treated samples with WHE, through enzyme inhibition or protein binding. For example, DNA gyrase enzyme of polyphenols showed antimicrobial activity ([@bib15]).

3.4. Sensory evaluation {#sec3.4}
-----------------------

Colors and flavors are the most important factors for acceptance of butter by consumers. Furthermore, the shelf-life of butter is affected by a number of chemical alterations through oxidation, and consequently, development of inappropriate changes in sensory characteristics ([@bib33]). Mean values of sensory properties of treatment groups during storage time are presented in [Fig. 7](#fig7){ref-type="fig"}. It was observed that the color scores of the TB sample treated with WHE 0. 5% were not in the acceptable range. Among the treated TB, the samples treated with the control and WHE 0.05% had the highest sensory attributes score. There was no difference in flavor and texture of the TB samples treated with WHE 0.5% and WHE 0.05% was considered. The flavor and overall acceptability scores of WHE 0.05% and WHE 0.1% were not different together. The scores of sensorial evaluation of the treated samples were decreased by WHE. This is due to the unpleasant effect of herbal extract and essential oils. The total amount of PV and free fatty acids may be the cause of the expansion of negative flavor changes in butter throughout the storage ([@bib10]). According to the International Dairy Federation the standard value for milk fat is 0.2 meq oxygen/kg fat. In this study, treatments containing tocopherol and 0.5% extract were below this limit until the 45th day.Fig. 7The changes in sensory attributes of butter in different treatment groups.Fig. 7

4. Conclusions {#sec4}
==============

The present results indicate that the utilization of WHE as natural origin agent is safe in the 0.05%, 0.1% and 0.5% concentrations and has benefits for oxidative stability and inhibited the microbial growth of butter stored under suitable conditions. Butter treated with WHE 0.5% was found to be better for inhibiting the growth of bacteria and resistance against the development of peroxides than the TB incorporated with tocopherol. In addition, it was proved that WHE has a powerful antioxidant activity and inhibit the population of different gram-negative bacteria, which can lead to health problems. Antioxidant activity of samples treated with WHE 0.5% and WHE 0.05% in Schaal and AV tests, respectively was more than TB treated with tocopherol. Eventually it was found that WHE 0.05% was the most appropriate WHE concentration for sensory properties of TB.

In addition to examining the effect of the WHE on the fatty acid profiles of the butter by instrumental methods, further work needs to be done in order to elucidate the mechanism of action of the active compounds contained in the WHE and extraction of these compounds for use in food as antioxidant.
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